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Abstract of JP1 0209889 

PROBLEM TO BE SOLVED: To eliminate 
periodic noise from an input signal with the 
periodic noise superimposed thereon and 
having one or a plurality of non-signal blocks. 
SOLUTION: A non-signal block detection 
section 1 1 discriminates a signal block and a 
non-signal block of an input signal. A noise 
estimate section 12 assumes a noise model of 
periodic noise included in the input signal for 
the non-signal block to estimate parameters of 
the noise model. A noise reproduction section 
13 reproduces the periodic noise from the 
parameters of the estimated noise model. A 
noise elimination section 14 subtracts the 
reproduced periodic noise from the input 
signal. 
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Japanese Patent Application Laid-open No.10-209889 

[Title of Invention] PERIODIC NOISE ELIMINATING DEVICE AND 
METHOD 

[Abstract] 

[PROBLEM TO BE SOLVED] To eliminate periodic noise from an input 
signal with the periodic noise superimposed thereon and with one or more 
non-signal blocks. 

[SOLUTION] Anon-signal block detecting portion 11 discriminates a signal 
block and a non-signal block of an input signal. A noise estimating portion 12 
assumes a noise model of periodic noise included in the input signal in the 
non-signal block to estimate parameters of the noise model. A noise 
reproducing portion 13 reproduces the periodic noise from the parameters of 
the estimated noise model. A noise eliminating portion 14 subtracts the 
reproduced periodic noise from the input signal. 
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[Claim] 

1. Aperiodic noise eliminating device eliminating a periodic noise from 
an input signal with the periodic noise superimposed thereon and with at 
least one non-signal block comprising: a non-signal block detecting portion 
discriminating a signal block and the non-signal block of the input signal; a 
noise estimating portion assuming a noise model of the periodic noise 
included in the input signal in the non-signal block to estimate parameters of 
the noise model; a noise reproducing portion reproducing a periodic noise 
from the parameters of the estimated noise model; and a noise eliminating 
portion subtracting the reproduced periodic noise from the input signal. 

2. The periodic noise eliminating device as claimed in claim 1, wherein 
the noise estimating portion estimates an amplitude, a phase and a 
frequency of a sine wave from the input signal with the noise model being 
made a sine wave. 

3. The periodic noise eliminating device as claimed in claim 2, wherein 
the noise estimating portion estimates a frequency, a phase and an 
amplitude of each sine wave with the noise model being made a sum of a 
plurality of sine waves. 

4. The periodic noise eliminating device as claimed in claim 3, wherein 
the noise estimating portion firstly estimates a basic frequency, phase and 
amplitude of a single waveform, and estimates parameters for a frequency of 
another waveform by integral multiplication of the basic frequency of the 
single waveform. 

5. The periodic noise eliminating device as claimed in claim 1, further 
comprising an input portion inputting a waveform, the noise estimating 
portion estimating a parameter with the waveform inputted from the input 
portion being made the noise model. 

6. The periodic noise eliminating device as claimed in claim 1, further 
comprising an input portion inputting a plurality of waveforms, the noise 
estimating portion estimating each parameter with the noise model being 
made a sum of a plurality of waveforms inputted from the input portion. 

7. The periodic noise eliminating device as claimed in claim 6, wherein 
the noise estimating portion firstly estimates a basic frequency, phase and 
amplitude of a single waveform, and estimates parameters for a frequency of 
another waveform by integral multiplication of the basic frequency of the 
single waveform. 
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8. The periodic noise eliminating device as claimed in claim 1, wherein 
when at least two separated non-signal blocks are detected in the non-signal 
block detecting portion, the noise estimating portion smoothly interpolates 
parameter estimated in at least two non-signal blocks. 

9. Aperiodic noise eliminating method eliminating a periodic noise from 
an input signal with the periodic noise superimposed thereon and with at 
least one non-signal block comprising: a step of discriminating a signal block 
and the non-signal block of the input signal; a step of assuming a noise model 
of the periodic noise included in the input signal in the non-signal block to 
estimate parameters of the noise model; a step of reproducing a periodic 
noise from the parameters of the estimated noise model; and a step of 
subtracting the reproduced periodic noise from the input signal. 

10. The periodic noise eliminating method as claimed in claim 9, wherein 
the step of estimating noise estimates an amplitude, a phase and a frequency 
of a sine wave from the input signal with the noise model being made a sine 
wave. 

11. The periodic noise eliminating method as claimed in claim 9, wherein 
the step of estimating noise estimates a frequency, a phase and an amplitude 
of each sine wave with the noise model being made a sum of a plurality of 
sine waves. 

12. The periodic noise eliminating method as claimed in claim 11, 
wherein the step of estimating noise firstly estimates a basic frequency, 
phase and amplitude of a single waveform, and estimates parameters for a 
frequency of another waveform by integral multiplication of the basic 
frequency of the single waveform. 

13. The periodic noise eliminating method as claimed in claim 9, further 
comprising a step of inputting a waveform, the step of estimating noise 
estimating a parameter with the waveform inputted from the input portion 
being made the noise model. 

14. The periodic noise eliminating method as claimed in claim 9, further 
comprising a step of inputting a plurality of waveforms, the step of 
estimating noise estimating each parameter with the noise model being 
made a sum of a plurality of waveforms inputted. 

15. The periodic noise eliminating method as claimed in claim 14, 
wherein the step of estimating noise firstly estimates a basic frequency, 
phase and amplitude of a single waveform, and estimates parameters for a 
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frequency of another waveform by integral multiplication of the basic 
frequency of the single waveform. 

16. The periodic noise eliminating method as claimed in claim 9, wherein 
when at least two separated non-signal blocks are detected at the step of 
discriminating non-signal block, the step of estimating noise smoothly 
interpolates parameter estimated in at least two non-signal blocks. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention belongs] 

The present invention relates to a device and method for eliminating 
a periodic noise component from an input signal with a periodic noise 
superimposed thereon, and in particular to a device and method eliminating 
hum. 

[0002] 

[Prior Art] 

An alternate current component (hum) from a commercial power 
mixes in a voice signal recorded by a microphone and a measured signal by a 
sensor in some cases. As its cause, insufficiency of eliminating noise in a 
power circuit, a jump into a transmission system of high impedance from the 
air, or the like can be mentioned. Similarly, in the presence of a device such 
as a motor close to a measuring system, periodic noise by its influence mixes 
in some cases. Generally, it costs high to completely eliminate the periodic 
noise. 
[0003] 

Various periodic noise eliminating devices have been proposed. For 
example, a method for obtaining a waveform of hum by a filter from a 
measuring device of a sensor, subtracting the hum waveform, synthesizing 
the hum waveform by delaying to be subtracted from the measured signal, 
and eliminating the hum has been disclosed in the Published Patent 
Application No.61-85063 (hereinafter, referred to as prior art l). 
[0004] 

Also, a method for directly extracting a waveform of a commercial 
power in parallel with a measured signal, and controlling an amplitude and 
a phase to be subtracted has been disclosed in the Published Utility Model 
Application No.63- 111105 (hereinafter, referred to as prior art 2). 
[0005] 
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Furthermore, a method for sampling an input signal with a sampling 
frequency of almost integral multiple of a period of periodic noise, and 
subtracting the sampled value from the input signal after accumulating and 
averaging to eliminate the periodic noise has been disclosed in the Published 
Patent Application No. 5-303385 (hereinafter, referred to as prior art 3). 
[0006] 

[Problem to be solved by the Invention] 

In the above-mentioned prior arts, the following problems occur: 
[0007] 

According to the method disclosed in the prior art 1, if other signals 
are sufficiently suppressed when a waveform of hum is obtained, a desired 
effect can be achieved. However, when a hum component is included in a 
spectrum of a signal required such as a voice signal especially, an extraction 
of only the hum component from a signal is difficult. Also, not only periodic 
noise but also non-periodic noise is superimposed in the measured signal in 
some cases. Therefore, if the waveform is used as it is, there is a problem 
that such non-periodic noise modulates the signal. Furthermore, when each 
element such as an amplitude and a frequency of a periodic component 
varies in the method of directly subtracting the waveform, not all of the noise 
component is eliminated, resulting in an addition of an extra noise 
component on the contrary. 
[0008] 

Also, in the method disclosed in the prior art 2, it is required to 
simultaneously observe a power waveform at a time of a waveform 
measurement. This puts a heavy load at the measurement time, and can not 
be applied to a signal with no recording of the power waveform. 
[0009] 

Furthermore, in the method disclosed in the prior art 3, it is required 
to preliminarily know a period of a noise. 
[0010] 

It is accordingly an object of the present invention to provide a 
periodic noise eliminating device which can eliminate periodic noise from an 
input signal with one or more non-signal blocks and with periodic noise 
superimposed thereon. 
[0011] 

Specifically, it is an object to obtain a voice signal in which hum noise 
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is eliminated, from a voice signal on which hum noise of an alternate current 
power is superimposed. 
[0012] 

[Means for solving the Problem] 

According to the present invention, in a periodic noise eliminating 
device eliminating a periodic noise from an input signal with the periodic 
noise superimposed thereon and with at least one non-signal block, a 
periodic noise eliminating device is obtained comprising a non-signal block 
detecting portion discriminating a signal block and the non-signal block of 
the input signal; a noise estimating portion assuming a noise model of the 
periodic noise included in the input signal in the non-signal block to estimate 
parameters of the noise model; a noise reproducing portion reproducing a 
periodic noise from the parameters of the estimated noise model; and a noise 
eliminating portion subtracting the reproduced periodic noise from the input 
signal. 

[0013] 

Also, according to the present invention, in a periodic noise 
eliminating method eliminating a periodic noise from an input signal with 
the periodic noise superimposed thereon and with at least one non-signal 
block, a periodic noise eliminating method is obtained comprising a step of 
discriminating a signal block and the non-signal block of the input signal; a 
step of assuming a noise model of the periodic noise included in the input 
signal in the non-signal block to estimate parameters of the noise model; a 
step of reproducing a periodic noise from the parameters of the estimated 
noise model; and a step of subtracting the reproduced periodic noise from the 
input signal. 
[0014] 

[Form of Embodiments of the Invention] 

Hereinafter, the embodiment of the present invention will be 
described in detail by referring to attached figures. 
[0015] 

Fig.l shows an arrangement of a periodic noise eliminating device by 
the 1st embodiment of the present invention. The periodic noise eliminating 
device of Fig.l has a non- signal block estimating portion 11, a noise 
estimating portion 12, a noise reproducing portion 13 and a waveform 
subtracting portion 14. 
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[0016] 

The non-signal block estimating portion 11 estimates an input signal 
or an non-signal block. The "non-signal block" in this description does not 
mean a block in which a signal amplitude is 0, but means a block in which an 
aimed signal does not exist. For example, if the input signal is a voice signal, 
it means a block in which only a noise signal exists without generation. For 
this, there is a method such as estimating a part in which a short time 
average power of the input signal is lower than a threshold as a non- signal 
block. 
[0017] 

The noise estimating portion 12 estimates a characteristic 
(parameter) according to a noise model preset, from a partial sequence 
estimated to be a non-signal block in the input signal by the non-signal block 
estimating portion 11. The noise model may be a single waveform, or a 
mathematic model indicating the waveform, or may be selected from among 
a plurality of models. In case of selecting from a plurality of models, the 
model assumes one of parameters of its selection items themselves. 
[0018] 

The noise reproducing portion 13 reproduces the periodic noise 
according to the noise model from the estimated parameter. In this 
description, e.g. a basic period (frequency), a waveform, an amplitude and a 
phase for the basic period are made a single group as a parameter. Also, as 
another parameter example, a basic period, a time series of a frequency 
characteristic, an amplitude, and a phase for the basic period may be made a 
single group. Furthermore, as another parameter example, a group of kinds 
(sine wave, squire wave, triangular wave, and the like) of a basic waveform, 
a parameter (duty ratio in case of rectangular wave) for determining its form, 
a basic period, an amplitude and a phase may be used. The noise reproduced 
here is assumed to continuously exist for the part estimated as a signal block 
by the non-signal block estimating portion 11. 
[0019] 

The waveform subtracting portion 14 subtracts the reproduced noise 
from the input signal, thereby eliminating a periodic noise component from 
the input signal. 
[0020] 

Fig. 2 shows a waveform of each portion of the periodic noise 
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eliminating device shown in Fig.l. In Fig.l, the first row shows an input 
signal. The non-signal block estimating portion 11 estimates the non-signal 
block from the input signal as shown in the first row of Fig.2. Fig.2 shows the 
estimated non-signal block enlarged in the second row. The noise estimating 
portion 12 estimates the parameter of the periodic noise from the non-signal 
block. Based on this parameter, the noise reproducing portion 13 reproduces 
the periodic noise as shown in the third and the fourth rows of Fig.2. The 
waveform subtracting portion 14 subtracts the periodic noise reproduced 
shown in the fourth row of Fig.2 from the input signal shown in the first row 
of Fig.2 to obtain an output signal from which the periodic noise is 
eliminated as shown in the fifth row of Fig.2. 
[0021] 

In the second embodiment of the present invention, it is assumed 
that the periodic noise is a sine wave in the noise estimating portion 12. This 
assumption is especially effective for a power hum or the like. 
[0022] 

Firstly, the input signal of the non-signal block is assumed to be s(n) 
(O^n^N). Also, an approximate value of an angular frequency of a sine 
wave is assumed to be known co o. This value is 50 Hz or 60 Hz in case of e.g. 
a domestic power hum. 
[0023] 

Adjacent two points co l and co u( co l< co o< co u) of the angular 
frequency are determined as shown in the following equation 1. At this time, 
a width A co is selected so that the angular frequency co when the periodic 
noise whose estimation is desired is regarded as a sine wave may assume co 

L < CO < CO u. 

[0024] 
[Eq.l] 

(Aoj>0) 

Fourier coefficients A(col), A(coo) and A(cou) of cosine in the angular 
frequencies co l, co o and co u are obtained according to the following equation 
2: 

[0025] 
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[Eq.2] 

2 N 

A C<o n > = • 22 {a (n) • cos(n • co n ) J 

N n-0 0 

2 N 

A (<«>.. > — • 21 {b (n> • oob(ji • eo n > } 

N n-0 u 

2 N 

A Ceo. > — • S {s (n) -cos(n • w, > 1 

b N n-0 L 

An angular frequency co ic in which A( co ) assumes the maximum 

value A( co ic) by using Lagrange's interpolation method is obtained, as shown 

in the following equation 3, from col, coo, cou, A(col), A(coo) and A(cou) to 

be made the estimated value of the angular frequency of the sine wave. 

[0026] 

[Eq.3] 
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> 



Instead of the Fourier coefficients of the cosine, the angular 
frequency co is in which B(co) assumes the maximum value B(co is) by using 
Fourier coefficients B (col), B (coo) and B (cou) of sine as shown in the 
following equation 4 may be made the estimated value of the angular 
frequency of the sine wave. 

[0027] 

[Eq.4] 
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N 

N n-0 



B (a> 0 ) — • S (s (n) •sin(n • o> 0 > ) 



B (o> fl ) - • 21 (8 (n) •sin(n • o> n ) ) 

N n-0 u 

2 N 

B (ct>. ) — -51 (s (n) •sin(n • a> > ) 

L N n-0 L 

Also, in a case where the input is not coincident with the assumption 

that the input is the sine wave, the above-mentioned angular frequency co i c 

is not always coincident with co is. At this time, either co i c or co is, or the 

average co 1 thereof may be made the estimated value of the angular 

frequency of the sine wave. In the following description, regardless of values 

adopted, co i is used as the estimated value of the angular frequency of the 

sine wave. 

[0028] 

Then, the Fourier coefficients A( co ) and B( co ,) of the cosine and the 
sine in the angular frequency co t are obtained. From the angular frequency 
co i of the estimated periodic noise, the Fourier coefficients A(co i) and B(co i) 
of the cosine and the sine, the assumed sine wave can be uniquely 
determined. Accordingly, the noise reproducing portion 12 reproduces a noise 
n(t) as shown in the following equation 5 in the second embodiment. 

[0029] 

[Eq.5] 

n (t) -A (oij ) 'COsCa^ • t) +B (o^ ) • sin(a> A • t) 

Referring to Fig. 3, the periodic noise eliminating device according to 
the third embodiment of the present invention has the same arrangement as 
that shown in Fig.l except that the a waveform input portion 15 is provided 
and noise estimating portion and the noise reproducing portion are modified 
as described later. Accordingly, reference numerals 12A and 13A are 
respectively attached to the noise estimating portion and the noise 
reproducing portion, and the same reference numerals are attached to the 
portions having the same functions as those shown in Fig.l. The description 
of them are omitted for simplifying the description. 
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[0030] 

The waveform input portion 15 inputs a waveform. As a waveform, 
kinds of waveforms such as of a sine wave, a triangular wave and a 
rectangular wave or a mixture thereof is provided. 
[0031] 

The noise estimating portion 12A determines, by the maximum 
likelihood estimation, a frequency, an amplitude, a phase of an optimum 
waveform based on a waveform and a parameter type inputted from the 
waveform input portion 15. 
[0032] 

The waveform input portion 15 may input the waveform and the 
parameter for determining the waveform at the same time. 
[0033] 

Fig.4 shows an input screen of the waveform input portion 15, which 
inputs a rectangular wave as a waveform, and 0.3 as a parameter a of the 
rectangular wave. This parameter a , as shown in Fig.5, provides a duty 
ratio of the rectangular wave. The noise estimating portion 12A obtains the 
optimum estimated value of the frequency, the amplitude, and the phase of 
the rectangular wave inputted from the waveform input portion 15 based on 
the input signal. The noise reproducing portion 13A reproduces the periodic 
noise estimated by the noise estimating portion 12A based on the waveform 
inputted from the waveform input portion 15. 
[0034] 

The periodic noise eliminating device according to the forth 
embodiment of the present invention, referring to Fig.6, has the same 
arrangement as that shown in Fig.l except that a plurality of noise 
estimating portions and noise reproducing portions are provided in parallel 
as will be described later. Namely, in the forth embodiment, it is assumed 
that the periodic noise within the input signal is a sum of waveforms already 
known. However, an example of Fig.6 assumes that the periodic noise within 
the input signal is a sum of two waveforms. Accordingly, in the fourth 
embodiment, a first and second noise estimating portions 12-1 and 12-2 are 
provided as the noise estimating portion, and a first and second noise 
reproducing portions 13-1 and 13-2 are provided as the noise reproducing 
portion. 
[0035] 
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The first noise estimating portion 12-1 estimates the first periodic 
noise from the input signal by any one of the methods described in the 
above-mentioned first to third embodiments, and the first noise reproducing 
portion 13-1 reproduces the first periodic noise estimated by the first noise 
estimating portion 12-1- Similarly, the second noise estimating portion 12-2 
estimates the second periodic noise from the input signal by any one of the 
methods described in the above-mentioned first to third embodiments, and 
the second noise reproducing portion 13-2 reproduces the second periodic 
noise estimated by the second noise estimating portion 12-2. However, the 
periods of the first and second periodic noise estimated by the first noise 
estimating portion 12- 1 and the second noise estimating portion 12-2 are 
assumed to be different from each other. The waveform subtracting portion 
14 subtracts the first and second periodic noises reproduced by the first and 
second reproducing portions 13-1 and 13*2. 
[0036] 

By referring to Fig. 7, the periodic noise eliminating device according 
to the fifth embodiment of the present invention has the same embodiment 
as that shown in Fig.l except that the noise estimating portion, the noise 
reproducing portion and the waveform subtracting portion are made a single 
unit, and that a plurality of units are cascaded to form a multi-stage unit as 
will be described later. The example of Fig. 7 shows that a unit composed of 
the noise estimating portion, the noise reproducing portion and the 
waveform subtracting portion are cascaded to form a two-stage unit. 
Accordingly, the fifth embodiment has the first and second noise estimating 
portions 12-1 and 12-2 as the noise estimating portion, the first and second 
noise reproducing portions 13-1 and 13-2 as the noise reproducing portion, 
and the first and second waveform subtracting portions 14-1 and 14-2 as the 
waveform subtracting portion. 
[0037] 

The first noise estimating portion 12-1 estimates the first periodic 
noise from the input signal by any one of the methods described in the 
above-mentioned first to third embodiments, and the first noise reproducing 
portion 13-1 reproduces the first periodic noise estimated by this first noise 
estimating portion 12-1. The first waveform subtracting portion 14-1 
subtracts the first periodic noise reproduced by the first noise reproducing 
portion 13-1 from the input signal. 
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[0038] 

Then, the second noise estimating portion 12-2 estimates the second 
periodic noise from the output signal of the first waveform subtracting 
portion 14- 1 in any one of the methods described in the above-mentioned 
first to third embodiments, and the second noise reproducing portion 13*2 
reproduces the second periodic noise estimated by the second noise 
estimating portion 12-2. The second waveform subtracting portion 14-1 
subtracts the second periodic noise reproduced by the second noise 
reproducing portion 13-2 from the output signal of the first waveform 
subtracting portion 14-1. 
[0039] 

By referring to Fig.8, the periodic noise eliminating device according 
to the sixth embodiment of the present invention has the same embodiment 
as that shown in Fig. 3 except that a plurality of waveform input portions, 
noise estimating portions and noise reproducing portions are provided in 
parallel as will be described later. Namely, in the sixth embodiment, it is 
assumed that the periodic noise within the input signal is a sum of a 
plurality of waveforms whose number is already known. However, the 
example of Fig.8 shows that the periodic noise of the input signal is assumed 
to be the sum of two waveforms. Accordingly, the sixth embodiment has the 
first and second waveform input portions 15*1 and 15-2 as the waveform 
input portion, the first and second noise estimating portions 12A-1 and 
12A-2 as the noise estimating portion, and the first and second noise 
reproducing portions 13A-1 and 13A-2 as the noise reproducing portion. 
[0040] 

The first and second waveform input portion 15*1 and 15-2 
respectively input the first and second waveforms. The first and second noise 
estimating portions 12A-1 and 12A-2 respectively estimate the parameter of 
the noise according to the first and second waveforms inputted. The first and 
second noise reproducing portions 13A-1 and 13A-2 respectively reproduce 
the first and second periodic noises estimated by the first and second noise 
estimating portions 12A-1 and 12A-2 based on the first and second 
waveforms inputted from the first and second waveform input portions 15*1 
and 15-2. The waveform subtracting portion 14 subtracts the first and 
second periodic noise reproduced by the first and second noise reproducing 
portions 13A1 and 13A-2. 
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[0041] 

Fig.9 shows a relationship of actual waveform in the 
above-mentioned sixth embodiment. Fig.9 shows the first waveform inputted 
by the first waveform input portion 15-1 with a waveform 1 inputted as the 
second row of Fig.9, and the second waveform inputted by the second 
waveform input portion 15-2 with a waveform 2 inputted as shown in the 
fourth row of Fig.9. The first noise estimating portion 12A-1 obtains, in the 
same way as the above-mentioned third embodiment, optimum basic period, 
amplitude and phase which fit with the first noise waveform desired to be 
estimated, for the inputted waveform 1, and the first noise reproducing 
portion 13A-1 reproduces a noise 1 as shown in the third row of Fig.9. 
Similarly, the second noise estimating portion 12A-2 obtains, in the same 
way as the above-mentioned third embodiment, optimum basic period, 
amplitude, and phase which fit with the second noise waveform desired to be 
estimated, for the inputted waveform 2, and the second noise reproducing 
portion 13A-2 reproduces a noise 2 as shown in the fifth row of Fig.9. The 
waveform subtracting portion 14 subtracts these noises 1 and 2 (namely, 
noise waveform desired to be estimated shown in the first row of Fig.9) from 
the input signal. 
[0042] 

By referring to Fig. 10, the periodic noise eliminating device according 
to the seventh embodiment of the present invention has the same 
embodiment as that shown in Fig. 3 except that the waveform input portion, 
the noise estimating portion, the noise reproducing portion and the 
waveform subtracting portion are made a single unit, and that a plurality of 
units are cascaded to form a multi-stage unit as will be described later. The 
example of Fig. 10 shows that a unit composed of the waveform input portion, 
the noise estimating portion, the noise reproducing portion and the 
waveform subtracting portion are cascaded to form a two-stage unit. 
Accordingly, the fifth embodiment has the first and second waveform input 
portions 15-1 and 15-2 as the waveform input portion, the first and second 
noise estimating portions 12A-1 and 12A-2 as the noise estimating portion, 
the first and second noise reproducing portions 13A-1 and 13A-2 as the noise 
reproducing portion, and the first and second waveform subtracting portions 
14-1 and 14-2 as the waveform subtracting portion. 
[0043] 
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Namely, the seventh embodiment, in the same way as the fifth 
embodiment described referring to Fig.7, sequentially eliminates the 
estimated noise and estimates a parameter according to a plurality of (two in 
Fig. 10) waveforms. 
[00441 

Referring to Fig. 11, the periodic noise eliminating device according to 
the eighth embodiment of the present invention has the same arrangement 
as that shown in Fig.7 except that the noise estimating portion are modified 
as described later. Accordingly, reference numerals 12B-1 and 12B-2 are 
respectively attached to the noise estimating portion. In this example, it is 
assumed that the periodic noise within the input signal is a sum of two 
waveforms. 
[0045] 

The first noise estimating portion 12B-1 estimates the first periodic 
noise from the input signal in the method described in the above-mentioned 
first to third embodiments, and the first noise reproducing portion 13-1 
reproduces the periodic noise estimated by the first noise estimating portion 
12B-1. The angular frequency to i of the first periodic noise waveform 
estimated by the first noise estimating portion 13B-1 is assumed to be a base 
angular frequency of the waveform to be estimated. 
[0046] 

The second noise estimating portion 12B-2 makes ncoi, that is a 
predetermined integral coefficient multiple of the estimated base angular 
frequency a) i, an angular frequency, and as for the others, by the method 
described in the above-mentioned first to third embodiments, estimates a 
parameter of the second periodic noise except the first periodic noise angular 
frequency co i from the output signal of the first waveform subtracting portion 
14. The second noise reproducing portion 13-2 reproduces the second periodic 
noise estimated by the second noise estimating portion 12B-2. The second 
waveform subtracting portion 14-2 subtracts the second periodic noise 
reproduced by the second noise reproducing portion 13-2 from the output 
signal of the first waveform subtracting portion 14-1. 
[0047] 

The periodic noise eliminating device according to the ninth 
embodiment of the present invention will now be described referring to 
Figs. 12 and 13. In the ninth embodiment, the non-signal block estimating 
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portion 11 detects two non-signal blocks. The waveform at this time is shown 
in Fig. 12. The two non-signal blocks detected are respectively represented by 
times tl and t2 (tl<t2) as shown in Fig. 12. As mentioned above, it is 
considered that the angular frequency prescribing the periodic noise is not 
fixed but changes over time. In the non-signal blocks represented by the time 
tl and t2, the noise waveforms estimated by the method described in the 
above-mentioned embodiments are assumed respectively co(tl) and co(t2). 
At this time, as shown in Fig. 13, an angular frequency co(t) of the periodic 
noise at a time t is smoothly interpolated. Specifically, a linear interpolation 
is performed according to the following equation 6^ 

[0048] 

[Eq.6] 

t — 1 1 

a> ( t ) - {a> Ct 2>-*> (tl)) ■+•*> (tl) 

t 2 - tl 

The present invention is not limited to the above-mentioned 
embodiments, and it is possible to change and modify variously within a 
range not exceeding an intention of the present invention. For example, in a 
case where three or more non- signal blocks exist in an input signal, 
interpolation can be performed by taking representing points similarly. Also, 
it is possible to use not a linear interpolation but a spline interpolation. 
Furthermore, not only an angular frequency of the estimated periodic noise 
but also an estimated parameter such as amplitude and phase can be 
similarly interpolated. 
[0049] 

[Effect of the Invention] 

As mentioned above, the present invention is arranged so that one or 
more non-signal blocks are discriminated from an input signal, a periodic 
noise is estimated from the input signal of the discriminated non- signal 
block, and the estimated periodic noise is reproduced. Therefore, it becomes 
possible to eliminate the periodic noise from the input signal with the 
periodic noise superimposed thereon. Such an input signal includes e.g. a 
voice signal in which hum noise of an alternate current power is 
superimposed. Even if hum noise is not completely eliminated at a stage of 
recording the voice, it becomes possible to completely eliminate the hum 
noise by subsequent processing substantively. 

[Brief Description of the Drawings] 
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Fig.l is a block diagram showing a periodic noise eliminating device 
by the first embodiment according to the present invention; 

Fig.2 is a waveform diagram illustrating a signal waveform of each 
portion of the periodic noise eliminating device shown in Fig.l; 

Fig. 3 is a block diagram showing a periodic noise eliminating device 
by the third embodiment according to the present invention; 

Fig.4 is a diagram showing an example of an input screen of a 
waveform input portion used for the periodic noise eliminating device shown 
in Fig.3; 

Fig.5 is a diagram for illustrating the waveform parameter shown in 

Fig.4; 

Fig.6 is a block diagram showing a periodic noise eliminating device 
by the fourth embodiment according to the present invention; 

Fig.7 is a block diagram showing a periodic noise eliminating device 
by the fifth embodiment according to the present invention; 

Fig.8 is a block diagram showing a periodic noise eliminating device 
by the sixth embodiment according to the present invention; 

Fig.9 is a waveform diagram showing a waveform of each portion for 
illustrating an operation of the periodic noise eliminating device shown in 
Fig.8; 

Fig. 10 is a block diagram showing a periodic noise eliminating device 
by the seventh embodiment according to the present invention; 

Fig. 11 is a block diagram showing a periodic noise eliminating device 
by the eighth embodiment according to the present invention; 

Fig. 12 is a diagram for illustrating a relationship between a 
waveform and a time representing a non-signal block in a periodic noise 
eliminating device by the ninth embodiment according to the present 
invention; and 

Fig. 13 is a diagram for illustrating a relationship between a time and 
an angular frequency in a periodic noise eliminating device by the ninth 
embodiment according to the present invention. 
[Explanation of Reference Numerals] 

11 non-signal block estimating portion 

12, 12A, 12-1, 12-2, 12A1, 12A-2, 12B-1, 12B-2 noise estimating 

portion 

13, 13A, 13*1, 13-2, 13A-1, 13A-2 noise reproducing portion 
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14, 14-1, 14*2 waveform subtracting portion 

15, 15-1, 15-2 waveform input portion 
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